Neurocognition is moderately to severely impaired in patients with schizophrenia. However, the factor structure of the various neurocognitive deficits, the relationship with symptoms and other variables, and the minimum amount of testing required to determine an adequate composite score has not been determined in typical patients with schizophrenia. An 'all-comer' approach to cognition is needed, as provided by the baseline assessment of an unprecedented number of patients in the CATIE (Clinical Antipsychotic Trials of Intervention Effectiveness) schizophrenia trial. From academic sites and treatment providers representative of the community, 1493 patients with chronic schizophrenia were entered into the study, including those with medical comorbidity and substance abuse. Eleven neurocognitive tests were administered, resulting in 24 individual scores reduced to nine neurocognitive outcome measures, five domain scores and a composite score. Despite minimal screening procedures, 91.2% of patients provided meaningful neurocognitive data. Exploratory principal components analysis yielded one factor accounting for 45% of the test variance. Confirmatory factor analysis showed that a single-factor model comprised of five domain scores was the best fit. The correlations among the factors were medium to high, and scores on individual factors were very highly correlated with the single composite score. Neurocognitive deficits were modestly correlated with negative symptom severity (r ¼ 0.13-0.27), but correlations with positive symptom severity were near zero (ro0.08). Even in an 'all-comer' clinical trial, neurocognitive deficits can be assessed in the overwhelming majority of patients, and the severity of impairment is similar to meta-analytic estimates. Multiple analyses suggested that a broad cognitive deficit characterizes this sample. These deficits are modestly related to negative symptoms and essentially independent of positive symptom severity.
INTRODUCTION
Neurocognition is moderately to severely impaired in patients with schizophrenia (Heinrichs and Zakzanis, 1998) , and almost all patients demonstrate some measure of decline from their expected level of neurocognitive function (Keefe et al, 2005) . Neurocognitive impairment is a core feature of schizophrenia, and not simply the result of the symptoms or the current treatments of the illness (Green et al, 2004b) . Neurocognitive deficits are the single strongest correlate of real-world functioning (Green, 1996) , and are currently viewed as potential targets for treatment in patients with schizophrenia (Hyman and Fenton, 2003) .
While the number of publications on neurocognitive deficits in schizophrenia has grown vastly over the past two decades (Hyman and Fenton, 2003) , most reports have been generated from sample sizes that are considered small given the substantial heterogeneity of performance among patients with schizophrenia . Furthermore, most studies of cognition have used samples of convenience that have included groups of patients who can complete extensive research protocols owing to their chronic institutionalization or who are available because they have entered a clinical trial or other specialized research study, and have thus been carefully screened with extensive exclusion criteria, such as the absence of substance abuse and medical comorbidities. These studies thus present a relatively narrow view of a filtered group of patients who may not reflect the profile of neurocognitive deficits, symptoms and substance abuse found in the overall population of patients with schizophrenia. Owing to these limitations, important questions about cognition in the majority of 'real-world' patients with schizophrenia are unknown: (1) What is the factor structure of neurocognitive performance in schizophrenia? (2) What is the relationship of neurocognitive deficits to symptoms and demographic factors? and (3) What is the amount of testing that is required to generate a meaningful estimate of neurocognitive function? Answers to these questions have profound implications for the methodology that will be used for future clinical trials of medications that may improve cognition in schizophrenia, including not only the neurocognitive measures that will be employed, but also what kinds of patients may enter these trials.
The CATIE (Clinical Antipsychotic Trials of Intervention Effectiveness) project was designed specifically to assess the treatment effectiveness of the available second generation antipsychotic medications and the conventional antipsychotic perphenazine in patients who are representative of the general population of people with schizophreniaFa so called 'all-comers' trial. This trial presents an ideal opportunity to assess the severity of neurocognitive performance and the relation of neurocognitive deficits to symptoms and demographic factors in patients who may better represent the typical patient with schizophrenia, including those who often do not participate in research protocols or clinical trials. As the sample size of this study (N ¼ 1460) was large, it provides a unique opportunity to conduct analyses not possible with smaller samples: comparison of competing models of the structure of neurocognitive deficits in schizophrenia; determination of the magnitude of the correlations of neurocognitive deficits with symptom severity; and determination of the specific contributions of each test added to a battery for generating an estimate of overall neurocognitive functioning.
METHODS
The CATIE study compares the effectiveness of atypical medications and a single conventional antipsychotic medication through a randomized clinical trial involving a large sample of patients treated for schizophrenia at multiple sites, including both academic and more representative community providers. Participants gave written informed consent to participate in protocols approved by local IRBs. Details of the study design and entry criteria have been presented elsewhere (Stroup et al, 2003; Keefe et al, 2003) . The current report relies exclusively on baseline data collected before randomization and the initiation of experimental treatments.
Patients
In total, 1493 patients with a diagnosis of schizophrenia, confirmed by the SCID (First et al, 1996) , were entered into the study from 57 institutions. These sites directly reflect the US population in terms of the percentage from metropolitan areas with over 1 000 000 population (69% in CATIE; 73% in US). The sites were located in 48 cities and towns representing every region of the US except Alaska. Thus, the clinical sites are typical of the 'real world' settings in which people with schizophrenia receive treatment in the US (Swanson et al, in press ). Sites with 15 or fewer patients were combined into pooled sites based on the type of site, and data from one site (33 patients) were excluded from all analyses because of concerns about data integrity, yielding 49 total sites. In Table 1 , the clinical and demographic characteristics of the patients in the study are presented for the entire sample (N ¼ 1460) and for four different subgroups: those who completed all 11 tests (N ¼ 1005), those with 1-3 missing tests (N ¼ 327), those with more than three missing tests (N ¼ 82), and those who were not tested at all (N ¼ 46). Given these large sample sizes and the associated statistical power, the emphasis of the results will focus, when possible, on effect sizes and z-scores. There were subtle differences between groups on age, education, years since first antipsychotic treatment, but no differences between groups on PANSS scores and all other demographic variables. Patients who completed all of the neurocognitive tests tended to be younger than the other groups, have more education, and have a shorter period of time since their first antipsychotic treatment. All of these differences, however, were less than 0.4 standard deviations. Table 2 describes the tests, neurocognitive domains, and measures collected in the CATIE battery. All tests and the rationale for their use, including their reliability and validity, as well as the procedures for training testers, are described in greater detail in a previous publication on the methodology for this study (Keefe et al, 2003) . To assess the effect of previous experience on test performance, all patients were asked whether they had ever received each of the tests.
Neurocognitive Measures

Clinical Assessments
Clinical raters, whose inter-rater reliability was established in a group setting, determined scores on the Clinical Global Impression (CGI; Guy, 1976) and the Positive and Negative Syndrome Scale (PANSS; Kay et al, 1987) . The CGI measured the overall severity of respondents' illness on a 7-point scale from 1 ¼ normal, not ill to 7 ¼ very severely ill. The PANSS includes three scales and 30 items: seven items make up the Positive scale (examples are delusions, conceptual disorganization, and hallucinatory behavior), seven items make up the Negative scale (examples are blunted affect, emotional withdrawal, poor rapport, and passive/apathetic social withdrawal), and 16 items make up the General Psychopathology scale (examples are somatic concern, anxiety, guilt feelings, mannerisms and posturing, motor retardation, uncooperativeness, disorientation, poor impulse control, and preoccupation). PANSS ratings were made after the completion of a semistructured interview plus additional reports of daily function from caregivers or family members and a review of available clinical information. Individual items were scored on a Likert scale; values range from 1 to 7. Scores of 2 indicated that the presence of a symptom was questionable; scores above 2 indicated that a clinical symptom is present, and ratings of 3-7 indicated increasing severity. Detailed anchors were provided for severity ratings.
Illness duration was calculated as the number of years since the first antipsychotic treatment. Education level was collected in nine categories from 'did not complete high school' to 'advanced degree completed,' and was converted to approximate years of education.
Data Cleaning, Reduction, and Analytic Plan Statistical characteristics of measures. For each collected and calculated measure, the mean, standard deviation, median, mode, skewness, and kurtosis were determined. All variables except the Facial Emotion Discrimination Task were judged to have reasonable normality such that 2. Letter-number sequencing test (Gold et al, 1997) Clusters of letters combined with numbers (eg N6G2) are read aloud by the tester, and the patient reorganizes the cluster so that the numbers are listed first, from lowest to highest, followed by the letters in alphabetical order. Measure: number of correct sequences Vigilance Continuous performance test (CPT) (Cornblatt and Keilp, 1994) Respond to a series of numbers on a computer screen at a rate of one per second by lifting a finger from a mouse key whenever the current number is identical to the previous number. Three 150-trial conditions of increasing difficulty are administered (2-, 3-, and 4-digit numbers, respectively). Measure: mean response sensitivity (D-prime).
Social cognition
Facial emotion discrimination test (Kerr and Neale, 1993) subsequent analyses could proceed. While three of the individual measures that were used to derive cognitive outcome measures (eg the no delay visuospatial working memory test performance) were skewed, all of the measures that comprised the domain scores (described below), the domain scores themselves, and the composite scores (described below) had skewness indices of between 0.45 and À0.25, suggesting considerably normality. Scores that were judged to reflect a patient's inability to complete the task were set to 'missing' in the data set; some scores generated queries to the tester to assure validity (see Appendix II for a description of scores that were queried or set to 'missing'). The data collected from the Facial Emotion Discrimination Test had a ceiling effect and positive skew that was so severe that it would be likely to reduce the sensitivity of the battery to treatment effects, so it was eliminated from further analyses.
Domain summary scores. All test measures were first converted to standardized z-scores by setting the mean of each measure to 0 and the standard deviation to 1 based upon the entire patient sample. The controlled oral word association test and category instances summary measures were averaged together to form one summary test score referred to as verbal fluency. For domains that had more than one measure, summary scores were determined by calculating the mean of the z-scores for the measures that comprised the domain (as described in Table 2 ), then converting the mean to a z-score with mean of 0 and standard deviation of 1. This process resulted in nine test summary scores and five domain scores (after excluding facial emotion discrimination) that correspond to five of the seven domains in the MATRICS consensus battery (Green et al, 2004b) .
Comparison of neurocognitive measures to published norms. For selected measures, the performances of the patients in this sample were compared to available published data on healthy controls as estimates of the general population, commonly referred to as 'normative data'. The choice of which measures had sufficient normative data was based upon these characteristics, listed in order of importance: sample size; availability of education or IQ data; similarity of the mean age of the normative sample to the CATIE sample; and availability of other demographic data such as race and sex.
Data structure and calculation of composite score. Data were missing for 16.9% of the patients for one of the 11 measures, 3.5% for two measures, 2.9% for 3 measures, and an additional 0.6% for four of the 11 measures. This distribution suggested a natural nodal point between three and four measures, and three measures was chosen as a criterion for the maximum number of measures that could be missing if a patient were to be included in analyses using a composite score. Therefore, all composite score calculations and analyses are limited to the 1332 patients with three or fewer missing test scores. A domain-based composite score was defined as the simple average of the five domain summary scores. Principal components analysis (PCA) of the nine standardized test scores was performed to determine the structure of components in the neurocognitive data set. The PCA identified components with eigenvalues greater than 1. Composite scores were calculated in two different ways: a domain-based approach and an empirical approach using PCA. The domain-based composite score was the standardized average of the five domain summary scores, following the MATRICS 7-factor model (Nuechterlein et al, 2004) with the exception of visual memory, for which there was no assessment, and social cognition, for which the data were unacceptably skewed. The PCA composite score was created by applying the weights generated from the PCA to the standardized variables and then standardizing the mean.
The potential factor structure of the neurocognitive battery was examined by confirmatory factor analysis (CFA) via structural equation modeling with the AMOS program (Arbuckle, 2003) . Four different substantive models were tested: a null model positing no intercorrelations of any neurocognitive measure, a unifactorial model positing that all nine variables loaded onto a single factor, a unifactorial model positing that the five predefined domain scores described in Table 2 loaded onto a single factor, and a five-factor model that posited a structure based upon the five neurocognitive domains.
The capacity to calculate a meaningful composite score for the largest number of patients was determined by calculating a series of unweighted averages of the test scores based only on people with complete data for the tests, while sequentially reducing the number of tests that comprise the average, beginning with the tests that were completed by the least number of patients. The effect of each sequential exclusion of a test was evaluated by the increase in sample size, and decrease in the Pearson correlation between the unweighted average of the included items, and the domainbased composite score.
The contribution of each test to an unweighted average of standardized test scores was calculated by multiple regression analyses entering each variable hierarchically (ie on the basis of how much variance in the composite score the variable accounted for), as well as a stepwise regression with variable entry based upon the length of time required to administer a test.
Inter-relationship of neurocognitive domains. The relationship of the neurocognitive domain scores with each other and with the composite score was determined with Pearson correlations. Cronbach's alpha was calculated to determine the effect of removing each domain from the composite score. In addition, correlations between each domain and the composite score with that domain removed were calculated
Relationship to clinical and demographic factors. The relationship of the neurocognitive domain scores and the composite score to continuous demographic variables, CGI severity and PANSS total and subscale scores was calculated using Pearson correlations. Differences in the composite score between levels of categorical demographic variables was calculated with ANOVA.
Site effects. The amount of variance in the measures accounted for by site effects was calculated using ANOVA, with pooled site (N ¼ 49) as the predictor variable. Sites with 15 or fewer patients were combined into pooled sites based on site care setting.
Test experience. The effect of previous experience on performance was calculated for each test by dichotomizing patients into those who did and did not remember taking the test previously, and comparing the groups with ANOVA. Table 3 presents raw score performance data for each collected and calculated neurocognitive measure. The table also includes comparison data from normative samples for measures with normative data judged to be of sufficient size and quality.
RESULTS
Data Structure
The PCA suggested that a single component best described the data, as the eigenvalue of the first principal component was 4.07, accounting for 45.2% of the overall variance in test scores, with no other principal component greater than 1.0. As this one component accounted for a relatively low percentage of the overall variance, 2-, 3-, and 4-component solutions were examined. These extractions followed by Varimax rotations, which emphasize differences among components, did not adequately explain the data structure.
In structural equation modeling analyses, the null model failed to fit the data, as indexed by a large and significant w Based upon normative data z-score; all between-group comparisons were statistically significant at least po0.0001.
b SDs were estimated from Table 2 in the HVLT manual (Brandt and Benedict, 1991) . Four age groups were pooled resulting in an age range of 20-60 years. The normative standard deviation was estimated by squaring individual SDs from each age group, dividing them by N-1 for that group, summing them, dividing by total N and taking the square root. (Browne and Cudeck, 1993) .
The structural consistency of the composite score was high, with Cronbach's alpha ranging from 0.077 to 0.82 if any of the five individual domain scores was removed from the composite score. Each domain had a very large correlation with the composite score (all r'so0.72). Correlations between each domain score and a composite score that excluded that domain were as follows: verbal memory: r ¼ 0.55; vigilance: r ¼ 0.56; processing speed: r ¼ 0.74; reasoning and problem solving: r ¼ 0.56; and working memory: r ¼ 0.71. There were also medium to large correlations among the five domain scores (minimum r ¼ 0.36, maximum r ¼ 0.62).
Statistical Characteristics of the Composite Score
The domain-based composite score and PCA composite score were highly correlated (r ¼ 0.988, df ¼ 1034, po0.0001), indicating that these scores have only 2.46% nonoverlap in variance. As a composite of the five domains, resulting in a single global score, had the best fit and appears to balance the competing requirements of following the theory-based factor structure, and parsimony in interpretation of the data, the domain-based composite score was chosen for all subsequent analyses. It should be noted, however, that this choice ultimately had negligible impact given that different approaches to computing the composite score yielded indices that are statistically interchangeable.
The effect of increasing the domain-based composite score sample size by sequentially reducing the number of tests that comprise it is presented in Table 4 . Inspection of the tradeoff between increased sample size and reduction in correlation between the unweighted mean of the nonexcluded tests and the domain-based composite score suggests a significant increase in sample size (from 1035 to 1297) if the three computerized tests are eliminated from the unweighted mean, with diminished subsequent gains in sample size if additional tests are eliminated. The Pearson correlation between the composite score and an unweighted mean generated from all of the noncomputerized tests was 0.951 (df ¼ 1295, po0.0001), suggesting that the unweighted mean score created from all but these three tests contained 90.4% of the information from the domain-based composite score created from all of the tests. This result confirmed the use of three missing tests as a criterion for the maximum number of tests that could be missing if a patient were to be included in analyses using a composite score.
A summary score that includes only measures of WISC mazes, verbal fluency, HVLT total recall, WAIS digit symbol, and letter-number sequencing had a correlation of r ¼ 0.92 with the composite score developed from all tests, yet results in missing data for only 13 of the 1332 patients who had three or fewer missing tests. An investigation of the 'comments' section of the database suggested that the most frequent reasons for missing data were 'out of range score' followed by 'computer malfunction' and 'patient refused test'.
The results of a stepwise multiple regression predicting an unweighted mean of all standardized test scores with variable entry based upon the estimated amount of time that a test takes to administer are presented in Table 5 . This analysis includes only those patients who had data available for all of the nine measures included in the composite score (N ¼ 1035). A hierarchical regression predicting the unweighted mean of all standardized test scores score with order of entry based upon the amount of variance that each variable accounted for is presented in Table 6 . The most striking aspect of these analyses is that the overwhelming majority of the variance in the composite score was accounted for by a few tests.
Correlations Among Neurocognitive Measures
The Pearson correlations among the nine measures are presented in Table 7 . The Wisconsin card sorting test 
Site Effects
The amount of variance accounted for by the effect of site ranged between 6.3 (WCST) and 18.0% (WISC-III Mazes), with an average of 10.4% for all of the measures. Site effects accounted for 13.0% of the variance in the composite score.
To determine if the site effects were due to site differences in education, the analyses were repeated using WRAT Reading score as a covariate measure. This covariance analysis did not reduce the magnitude of the site differences. 
The Effect of Experience on Performance
Correlations with Demographic and Clinical Characteristics
The Pearson correlations of the neurocognitive domain scores and the composite score with demographic and clinical characteristics, including symptoms, are described 
DISCUSSION
As this study was designed to accept all patients with chronic schizophrenia, and the majority of the patients were able to complete the cognitive battery, a broader range of patients was included in this study compared to previous work involving far smaller samples. The demographic and clinical characteristics of these patients were very similar to descriptions of patients receiving clinical treatment in the US (Slade et al, 2005; Swanson et al, in press ).
Estimates of the severity of neurocognitive deficits in schizophrenia have relied upon selective synthesis of individual studies or meta-analyses, and have varied widely.
In the largest meta-analysis of schizophrenia patients published to date, patients performed between 0.46 and 1.41 standard deviations below controls on a range of 22 neuropsychological tests (Heinrichs and Zakzanis, 1998) . However, individual estimates of the magnitude of severity of deficits have been variable, ranging up to 2 or 3 standard deviations below the healthy control mean (Harvey and Keefe 1997; Saykin et al, 1991) . As this study was limited by the absence of a healthy control group, the severity of neurocognitive impairment in the patients in the current study was determined by comparing their performance to that of healthy controls for tests that had adequate published normative samples. The magnitude of impairment was similar to estimates from meta-analyses (Heinrichs and Zakzanis, 1998) , large clinical trials , and results obtained at academic research institutions (Keefe et al, 2004; Bilder et al, 2000; Heaton et al, 2001) .
Although the relationship between substance abuse and neurocognition in schizophrenia is unclear (Green et al, 2004a; Bowie et al, 2005; Stirling et al, 2005) , the inclusion of patients with substance abuse in this study may have increased the severity estimate compared to more purified samples. The effects of substance abuse on neurocognition and other clinical factors in this cohort will be reported in a separate manuscript. However, this comorbidity is a frequent occurrence in a large percentage of patients with schizophrenia, and the inclusion of these patients may yield a more realistic estimate of the severity of neurocognitive deficits in schizophrenia.
A PCA of the neurocognitive data from this study suggested that the battery yields a single principal component with all measures showing intercorrelations in the medium to large range. CFA suggested that a singlefactor model of five domain scores, designed to estimate the domain scores following the model forwarded by the MATRICS Neurocognition Committee (Green et al, 2004b) based on a review of factor analytic studies (Nuechterlein et al, 2004) , provided the best fit. A five-factor model also fit the data. However, the individual domains showed high The N for the correlations varied based upon the neurocognitive measures. The symptom and demographic measures had very few missing cases, and are thus not reported for each correlation. All correlations greater than 0.10 are significant at po0.0001. Duration of illness defined as number of years since first prescribed antipsychotic medication; WRAT-3 ¼ wide range achievement test, third edition; CGI ¼ clinical global impression; PANSS ¼ positive and negative syndrome scale.
correlations among each other and with the composite score, even when the domain being correlated was removed from the composite scores. Reliability statistics suggested that the removal of any of the domain scores from the composite had little effect on the reliability of the composite score. These analyses suggest that the domains in this battery were very limited in their independence from one another. It remains unknown whether alternate test batteries might better identify discrete neurocognitive constructs impaired in schizophrenia. This interpretation is limited by two important factors. First, the small number of measures (nine) entering the PCA and structural models limits the ability of these analyses to detect a more complex factorial structure of neurocognitive function. Support of more complex models will probably require a larger number of variables per domain, as demonstrated in the six-factor model supported in healthy subjects (Tulsky and Price, 2003) and schizophrenia patients (Nuechterlein et al, 2004; Gladsjo et al, 2004) . However, adequate specification of independent cognitive factors is likely to require substantial additional measurement. Some have suggested that at least three tests for each domain would be important to provide adequate psychometric measurement (Kenny et al, 1988) . The tests chosen for this study were those that were viewed as most relevant to assess neurocognitive response to treatment in a multisite trial. Our strategy was to include those cognitive functions that are most severely impaired in schizophrenia and are the most strongly associated with functional outcome. These selection criteria would be less likely to include tests of motor function and visual and auditory processing. Further, the practicality of assessing patients at 57 different sites eliminated the possibility of more timeand resource-intensive tests.
The second limitation of the 'single factor' conclusion is that the current results may describe the structure of neurocognitive performance in schizophrenia for the battery of tests used in this study, but owing to the absence of a control group, cannot be interpreted to explain the structure of the deficits in these patients. However, analyses of the cognitive deficits found in patients compared to controls suggest that impairment on a single common factor accounts for the vast majority of the between-group difference on the Wechsler Adult Intelligence Scale (Wechsler, 1997a) and Wechsler Memory Scale (Wechsler, 1997b) subtests, with more specific domains contributing very little unique between group variance (Dickinson et al, 2004) . More recent approaches using CFA suggest a more generalized latent structure of cognitive ability in schizophrenia than in healthy subjects (Dickinson et al, in press ).
The results of this previous study and our current findings suggest that a single dimension of cognitive performance is the preferred way to summarize cognitive impairment in schizophrenia using the test battery from this study. These data thus support the use of a single composite score derived from five domain scores as the primary neurocognitive outcome measure for the treatment analyses that will be performed on the CATIE data set. As the confirmatory factor analytic results suggest that a five-factor solution would be another appropriate approach to summarizing the CATIE neurocognitive variables, and since previous work on the effect of antipsychotic medications on cognition suggests that some domains may demonstrate more improvement than others (Harvey and Keefe, 2001; Woodward et al, 2005) , secondary analyses will focus on the five domain scores. However, a conclusion of variable treatment response across domains of cognitive deficit in patients with schizophrenia will need to be supported by evidence that these treatment responses are indeed 'differential' (Chapman and Chapman, 1973) , in that there are significant differences among the cognitive changes on tasks that are matched for task complexity, a point that has long been emphasized in schizophrenia research (Chapman and Chapman, 1973) .
It is certainly possible that a cotreatment for schizophrenia may target a single domain of cognitive function (eg working memory). However, the data from this study have implications for future studies assessing the potential procognitive effects of new compounds for schizophrenia. These trials will be challenged to balance an emphasis on improving individual domains of cognitive function, on the one hand, and general cognitive effects, on the other. As general cognitive factors may be more important in the determination of functional outcomes than individual domains (Green et al, 2000) , the improvement of cognition summarized across multiple domains, as measured by a composite score in this study, may be particularly important for improving patient functioning.
As expected, the correlations of overall cognition as measured by the composite score with age, education, and duration of illness were about 0.3, defined by Cohen (1977) as 'medium' effect sizes. Patients who completed the entire test battery were slightly younger than those with greater than three missing tests. This difference was surprisingly small given that the age of patients in the study extended up to age 65. Older patients may be particularly challenged to complete a 90-min test battery. These relations with age are in line with previous studies of patients with schizophrenia and healthy controls (Heaton et al, 2001) .
The magnitude of the correlations between cognition and clinical symptoms in schizophrenia has been inconsistent, but generally small (Goldberg et al, 1993; Addington et al, 1991; Hughes et al, 2003; Strauss, 1993; Mohamed et al, 1999; Bilder et al, 2000; Gladsjo et al, 2004) . This finding, which may contradict clinicians' impressions, could potentially be explained by the possibility that patients who agree to participate in research studies do not reflect the general population of patients with schizophrenia, especially for those studies with extensive and demanding neurocognitive batteries. In the current 'all-comer' study, however, in which the vast majority of patients provided enough data to derive a meaningful composite score, the correlations of neurocognitive deficits with positive symptoms were near zero in all neurocognitive domains. In addition, the correlations between neurocognitive deficits and general symptoms were also low, ruling out the notion that neurocognitive deficits can be ascribed to symptoms such as mood and anxiety. As expected, however, the correlations with negative symptoms were in the small to medium range, consistent with previous studies (Addington et al, 1991; Buchanan et al, 1997; Hughes et al, 2003; Tamlyn et al, 1992; Bilder et al, 2000) . While most evidence suggests that the relationship between negative symptoms and neurocognitive deficits is not causal (Harvey et al, 1996) , the data from this study clearly indicate that in the general population of patients with schizophrenia, neurocognitive deficits are certainly not caused by positive symptoms, as they are completely uncorrelated. It is possible that since the sample in this study is large and diverse, relationships that exist in more homogeneous samples have been hidden. Clustering solutions will be considered for future studies as the data from this project are further analyzed by the investigators. Overall, a more mature view of negative symptoms and neurocognitive deficits may emerge from considering both as observable signs of underlying pathology, and given their nonoverlap (ie 90% of variance not shared between the clinical symptom and neurocognitive assessment approaches), efforts to better understand their unique neural systems bases may be encouraged.
An important consideration for the assessment of neurocognition in clinical trials is the amount of testing that needs to be completed to provide sufficient neurocognitive information. The CATIE neurocognitive test battery requires about 75-90 min of testing time. However, briefer test batteries may reduce patient burden, tester time, and missing data points. Correlational analyses of the data in this study suggested that eliminating certain tests from the composite score did not significantly degrade the amount of information that the composite score provided. Even a short battery of testsFdigit symbol, list learning, grooved pegboard, letter-number sequencing, verbal fluency, and a maze task (about 35 min of testing)Fenabled the development of a summary score that accounted for 93% of the variance in the composite score developed from all tests, and several alternate approaches suggested that other indices derived from five or six tests selected to cover similar cognitive domains yield similarly accurate estimates. It should be noted that these estimates are a product of 'part-whole correlations' that are inflated by the perfect correlation between error variance in the summary score and error variance in each test measure. However, they support the notion that briefer test batteries are capable of providing researchers with almost as much information as longer batteries for calculating an overall composite score. As they reduce the time and resources required to conduct an assessment of neurocognition, they may be preferred over longer batteries for the calculation of summary scores in clinical trials (Wilk et al, 2005; Keefe et al, 2004; Velligan et al, 2004) . However, brief approaches to the assessment of neurocognition may be more limited in their ability to provide information about specific neurocognitive effects of treatment, which will require more detailed assessment across multiple neurocognitive domains, as recommended in the conclusions of the MATRICS consensus process (Green et al, 2004b) . Investigators with hypotheses about a specific cognitive domain, however, may find it practical to combine broad cognitive assessment using briefer tools, together with more detailed examination of the domain(s) of interest.
The amount of testing required to assess these multiple domains may decrease the number of patients who can provide complete data. In the CATIE schizophrenia trial, which utilized a design that encouraged a broad spectrum of patients to enroll, a large percentage of patients could be tested. About 3% of patients could not be tested at all. However, of those patients who were tested, 17% had one of the nine measures missing. More than 90% of patients provided data for at least six of the nine measures from the battery, suggesting that the overwhelming majority of patients can complete the majority of neurocognitive tests. The composite scores that were derived from patients with only six of the nine measures had very high correlations with summary scores that included all tests. Thus, while meaningful neurocognitive summary scores can be collected on almost all patients entered into a trial such as this one, the ability to assess certain specific domains of neurocognitive performance is more variable.
A closer inspection of the pattern of missing data suggests that computerized tests may be more susceptible than noncomputerized tests to fail to provide meaningful results. The reasons for missing data were largely attributed to invalid scores and computer test malfunction rather than patient uncooperativeness, and a much greater percentage of patients did not complete one of the computerized tests compared to the noncomputerized tests. A composite score developed from all tests except the computerized tests included full data from 97% of the 1332 patients with fewer than four missing tests, and accounted for 95% of the variance in the composite score developed from all tests. Thus, in this battery of tests with computerized and noncomputerized tests, the reduction in sample size was greatest with the computerized tests, and these tests provide a relatively modest amount of unique information to the battery. More recent methods of computerized testing, including immediate data transfer and the availability of immediate feedback on test scores and technical difficulties (Barua et al, 2005) might diminish the impact of this problem. It is also possible that some of the failures may be attributable to patients finding the demands of selected computerized tests more challenging (eg the continuous performance test (CPT) involved a counter-intuitive 'finger lift' rather than 'button press' response, and this has been seen as a problem by experienced examiners). Furthermore, rather than an integrated package, the CATIE battery was comprised of computerized tests from different vendors, which may be more prone to missing data.
About 13% of the variance in the neurocognitive composite score was due to differences across sites. This result is consistent with previous clinical trials , and has serious implications for trials assessing neurocognitive performance variables. The CATIE Project was designed to include a variety of different types of sites: academic sites; clinical research organizations, and community mental health sites with little clinical trials experience. There was also a wide disparity across sites in terms of geographical location and demographic characteristics. Thus, this design may have maximized between-site differences. These differences were not explained by differences in reading level, which estimates educational achievement. It is possible that the intersite differences may have been due to variable test administration and scoring. All testers were individually certified by CATIE personnel and were required to pass interim certification tests (Keefe et al, 2003) ; in addition, all sites were required to have at least one tester receive face-to-face certification. However, these procedures may not have been sufficient to guarantee consistent intersite test methods, emphasizing the need for intensive training and certification procedures for clinical trials involving cognitive assessment. The treatment analyses from this trial will thus attempt to control for intersite differences statistically to reduce potential error variance.
At the completion of testing at baseline, each patient was asked whether he or she had ever previously taken each of the tests. Only a small percentage of patients reported having taken the tests before, and experience had little impact on performance. These data challenge the notion that neurocognitive data in clinical trials are often compromised by variable exposures to the tests across patients. It is possible that a larger percentage of patients had taken the tests before, but they do not remember doing so. However, if they could not recall taking the tests, it is unlikely that they would have benefited substantially from their previous experience with the test.
In summary, data from 1332 patients assessed with neurocognitive tests in an 'all-comer' antipsychotic treatment trial suggest that neurocognitive deficits are not isolated to patients who enlist for research studies at academic institutions or highly filtered samples for clinical trials, nor do deficits appear more severe in the more general population of people with schizophrenia. Inspection of the factor structure of the neurocognitive measures supported the notion that these measures are moderately correlated with one another, and that a single factor model comprised of five domain scores best described the data. A single factor accounted for a large portion of the variance in performance that may be measured efficiently by a small number of tests. Although some patients did not complete all tests, the loss of data was not significant, as meaningful composite scores could be determined for more than 90% of patients who entered into this 'all-comer' trial. These neurocognitive deficits are unrelated to positive symptoms even in a sample of patients who were not extensively screened for suitability for a clinical trial. Subsequent publications from the CATIE Project will demonstrate the utility of the cognitive tests used here to predict function and improvement in function. Similarly, these data will be used to assess the importance of cognition in determining the relative effectiveness of treatment with typical and atypical drugs, thus providing a benchmark for future studies with the CATIE battery.
